Objectives-To determine whether a complete abdominal sonographic examination is necessary in the evaluation of children with right lower quadrant pain that is suspicious for appendicitis in the emergency department and whether performing a limited, more-focused study would miss clinically important disease.
C hildren presenting to the emergency department (ED) with right lower quadrant (RLQ) pain can have numerous etiologies amenable to sonographic diagnosis, 1 including appendicitis, intussusception, nephrolithiasis, and adnexal diseases in female patients. To promote efficiency, we implemented a limited abdominal sonographic examination (study of the RLQ, right upper quadrant, and transverse imaging through the bladder to exclude obvious pelvic disease that would require dedicated pelvic sonography with Doppler imaging) rather than a complete 4-quadrant sonographic examination for those presenting with RLQ pain to our ED.
The aim of this study was to determine whether a complete abdominal sonographic examination is necessary in the evaluation of children with RLQ pain that is suspicious for appendicitis in the ED and whether performing limited sonography would result in missed diagnoses of clinically important disease. We defined clinically important disease as that needing immediate inpatient medical or surgical intervention.
Materials and Methods

Study Design and Setting
We conducted a retrospective review, performed with Institutional Review Board approval, which consisted of 1204 consecutive complete abdominal sonographic studies done from March through December 2008 for children presenting to our tertiary pediatric ED with RLQ abdominal pain that was of concern for appendicitis.
Selection of Patients
Data were retrieved from the radiology picture archiving and communication system using the code words "right lower quadrant pain" and "appendicitis." Primarily performed "limited" sonographic examinations and examinations done for those with chronic disease such as cystic fibrosis and sickle cell disease were excluded.
Our current limited sonographic examination excludes evaluation of the pancreas, spleen, and left kidney. Data were extracted from the complete abdominal sonographic examinations to see whether any abnormalities were noted in the pancreas, spleen, and left kidney, and patients' medical charts were reviewed to see whether any positive findings in these organs were clinically important.
Results
Characteristics of Study Patients
A search of our picture archiving and communication system for all complete abdominal sonographic examinations performed from March through December of 2008 for patients 5 years and over presenting to our ED using code words "right lower quadrant pain" and "appendicitis" yielded 1204 patients. A review of all sonographic examinations was performed. Five hundred examinations were excluded for the following reasons: the current study was a follow-up of an initial study; limited rather than complete examinations were performed; and examinations were performed on patients with underlying chronic disease (eg, sickle cell anemia, cystic fibrosis, and known malignancies).
Results
A total of 704 patients met the inclusion criteria. The minimal age was 5 years and the maximal age was 19 years. Sixty-two percent were female. Of the 704 patient examinations included in this study, there were 65 abnormal findings that would have gone undetected had a limited study been performed instead of a complete abdominal sonographic examination. Thirty-three patients were found to have an enlarged spleen or a splenic size smaller than expected for age according to published standards. Review of medical records in each of these patients showed there was no diagnosis missed or treatment administered for abnormal splenic size. Eighteen patients were found to have a dilated left renal collecting system. Of those, 1 patient did undergo surgical treatment for a left ureteropelvic junction obstruction, which was considered a clinically important potential miss. One patient with a dilated left renal collecting system due to a left renal stone was treated medically. Nine patients had an abnormally echogenic pancreas, but review of medical records showed that no treatment was given based on the pancreatic sonographic findings for 8 of the patients, whereas 1 was treated for pancreatitis medically. Two patients had abnormalities of both the spleen and left kidney, with no diagnosis or treatment given based on these findings. One patient had abnormalities of the pancreas and spleen and was treated medically for Wegener granulomatitis. One patient was found to have dilated small bowel loops in a "swirling" pattern and was treated medically for small-bowel obstruction. One patient with a left pleural effusion was treated medically.
Of the 65 studies with a finding that would have been missed with a limited study, only 6 were found to be clinically important. Of those, 5 were treated medically and 1 surgically. The chance of missing a potentially important finding using a limited study with our group of patients was 65 of 704 patients (9.2%), with a 95% confidence interval of 7.2% to 11.7%. The chance of missing an abnormality that was clinically important was 6 of 704 patients (0.85%), with a 95% confidence interval of 0.35% to 1.94%.
During the study period, there was a 38% reduction in time between a complete abdominal sonographic examination, which includes assessment of the appendix, and a limited RLQ study for appendicitis. Our current average time for a sonographer to obtain images for a complete abdominal examination is 42 minutes, excluding assessment of the appendix, compared with a limited examination for appendicitis, which averages 34 minutes.
This study had all of the limitations of a retrospective study, including variable numbers of radiologists and sonographers performing the examinations and variable patient age (young children to young adults). Some patients were screened by ED physicians, and some were screened by the triage nurses. The search only included those patients with appendicitis and RLQ pain as presenting conditions. Other histories associated with abdominal pain may not have been included. Our study did not include children younger than 5 years, as they often have atypical clinical presentations of appendicitis and localizing signs and symptoms.
Discussion
Abdominal pain is one of the most common conditions in the pediatric ED. 2 The differential diagnosis is broad, but appendicitis or an appendiceal condition is in the top 5 diagnoses requiring hospital admission from the ED in children who aged 5 to 17 years. 3 As institutions move to sonography as the diagnostic tool of preference for appendicitis, 4-7 the demand for sonography has increased, with 24/7 sonography available at most large pediatric hospitals.
Our institution is a large tertiary pediatric hospital center with approximately 80,000 ED visits annually. Approximately 1800 sonographic examinations are performed per year for patients presenting to the ED with RLQ pain. In a previous published study at our institution, 98.7% of patients with acute appendicitis had diagnostic sonography at our hospital before surgery, and only 8.2% underwent evaluation with computed tomography because of equivocal sonographic findings. 8 By nature, sonography is a labor-intensive study that is dependent on the skills of the sonographer. 9, 10 The duration of the full abdominal examination including assessment for appendicitis was 38% longer than that of the limited RLQ study during the study period, but recorded times included patient transport. At present, we now average 34 minutes for the limited RLQ examination with complete abdominal sonography, excluding the appendiceal evaluation, which lasts 42 minutes. Given our sensitivity and specificity of 93% and 92.6% in sonographic evaluations for appendicitis, 8 our average time in finding the appendix may be longer than that of some institutions. Using the current RLQ examination time of 34 minutes, estimating a 10-minute duration 11 to find the appendix, this number would represent a 35% reduction in time to do a limited versus complete abdomen for appendicitis. We currently perform 1800 sonographic examinations per year for RLQ tenderness (average of 4 examinations per day). The potential time saving amounts to 72 minutes per day if these patients all underwent limited examinations. This approach would increase the sonographers' capacity to do 2.1 additional studies per day. In addition, the limited examination is done at a reduced cost.
This gain in efficiency and decrease in cost should not negatively affect patient care. Although there were 65 abnormalities in the 704 patients on the complete sonographic examinations that would have been missed by performing limited sonography, most of these findings were not clinically important. Additionally, 51% (33 of 65) of the abnormal sonographic findings were secondary to abnormal spleen size. These findings could be argued as incidental in the context of patients with RLQ pain. Only 6 patients had clinically important findings requiring admission to the hospital for further management, with only 1 requiring surgical intervention.
In summary, in children older than 5 years with abdominal pain that is suspicious for appendicitis, performing only a limited abdominal sonographic examination that excludes the pancreas, left kidney, and spleen will yield a miss rate for clinically important disease that is acceptably low to justify the savings of examination time. Additionally, there will be efficiency gains for the hospital and cost savings for the patient. We currently perform only limited sonographic examinations in any patient with RLQ pain and no history of disease.
